Econometrics is seen as the dominant method in terms of applicability, accuracy and efficiency in economic science. It is widely used and other methods have been reduced to marginal contributions. Econometricians behave as if their techniques were universal when in fact they are not. If alternative methods are accepted, one can largely eliminate the restrictions and distance to reality of econometrics. The article debates the pathways for a satisfactory economics in a context where theoretical and methodological pluralism is entering even in mainstream ideas. The historical construction of econometrics as the main method in economics and the limitations and possibilities of this tool are explored, underlining the need of pluralism.
M a n u s c r i p t 
Introduction: Is It Important to Discuss Econometrics?
Economists and economics have been widely criticized for an excessive use of mathematical formalization, beginning in the differential calculus, through operational research and arriving at econometrics (Hodgson, 2007; Dow, 2005; Chick 1998 ).
Currently, it is clear that in the orthodox point of view, there is no other economics than the one that develops economic explanation models with a robust quantitative approach. Economics as a science should try to rethink their ability to accept different theories and methodologies without considering that abdicates from its scientific objectivity. Added to this theoretical debate comes the moment of today when economics is being accused of supporting and legitimizing liberal policies that led to the successive crises, in particular due to the dominance of orthodoxy in the mainstream of the discipline that celebrates the power of market as the main economic institution. This is an old discussion to redefine economics but that assumes today a renewed importance because of the financial crisis that has been subject of attention in reference journals. Today it is increasingly clear that econometrics, the most sublimated tool by the orthodoxy of the economic discipline, alone, without a robust interpretation, is a weak instrument, especially if used unreasonably, for example, with little solid data, with variables that not express the phenomena we want to achieve, with poorly specified models, with exaggerated inference to the ability of the model. Discuss the role of econometrics has without a doubt its value, regardless its usefulness or robustness. It is mainly because econometrics is useful in many cases M a n u s c r i p t 3 that this article attempts to understand its limits, so economists, social scientists, policy-makers and other users can be alert and able to reduce its flaws.
The following text tries to be a defence of econometrics. Based on its historical construction it is tried to understand how econometrics was established as the dominant technique in economics. Then, central assumptions of econometrics are discussed evidencing strengths and weaknesses. In the end, it is underlined the importance of methodological pluralism to analyze the complexity of economic diversity. The essay concludes that several methodological approaches are consistent with the increasing acceptance of heterodox assumptions in theory. These diverse approaches are arriving to the mainstream of the discipline and beginning to structure a more satisfactory economics, able to explain, in a relevant and accurate way, the complexity of what is the economic.
Econometrics: Some Historical Crucial Moments
Unlike the classical economists, such as Adam Smith, David Ricardo or Karl Marx who saw economics as a historicized science of social relations of production and distribution of value, the neoclassical revolution tried to think the social order as a mechanic phenomenon. These new economists, like Jevons, Edgeworth, Menger, Walras, Pareto, among others, have tried to empty the discipline from its social content with a rigorization through quantification and mathematization.
It is worth mentioning, as highlighted by Nelson and Nelson (2002) that economics, before the neoclassical theory was assumed as orthodoxy, was eminently evolutionist and institutionalist. Smith and Marx discussed topics that largely exceeded the limited scope of what could be explained by theories dominated by the rationality of homo economicus.
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A c c e p t e d M a n u s c r i p t 4 As stressed by Louçã (2003) the origin of value, an open problem in the second half of the nineteenth century, was overcome with the marginalist revolution and the idea of a subjective utility where each agent is rational and tries to maximize it. These thinkers took the first law of thermodynamics as a unifying mathematical pattern: the lagrangean maximization could be applied to a set of atoms, the agents, the methodological individualism in its extreme, giving relevance to the concept of equilibrium, the point where all dynamics collapses. To this notion, these economists added a normative component, the idea that this equilibrium was the social optimum, the situation where atomized agents moved by their selfishness maximized their utility and thus the collective well-being which consisted of individual preferences aggregation.
When physics developed the second law of thermodynamics, which resulted in the notion of entropy, rather than the equilibrium as the main force of the universe and the introduction of the uncertainty principle of Heisenberg, economists maintained their convictions, following no change in the sciences that initially inspired them.
It is worth mentioning that at this historical moment, the neoclassical school of thought could not beat their theoretical opponents: the German historical school, the American institutionalism and the Cambridge tradition of Alfred Marshall maintained a strong membership and robustness. Before World War I and in the interwar period, pluralism was the dominant force in economics (Morgan and Rutherford, 1998), where different and internally highly plural theories coexisted. These authors underlined that the economists of the early twentieth century shared a type of scientific economic science more concrete than abstract, with a moral commitment to ensure standards of scientific inquiry, objectivity combined with advocacy. Louçã Meade and specially Ragnar Frisch, the founder of the Econometric Society whose motto was "science is measurement". These names are particularly prominent if we connect them to the Nobel distinction (Neves, 1998) . Economics was seen as a policy tool against unemployment, generating descriptive and normative knowledge.
Previous theoretical tools of neoclassical school were outdated and had not allowed to prevent and remedy the problems of the crisis (Louçã, 2003: 597) . Institutionalist economists started coming under attack in the late 1930s, partly because they were unable to provide a set of policy recommendations that were considered to be successful against the Great Depression. For Morgan and Rutherford, the World War II stimulated a move in economics towards the formalism of neoclassical economics.
At this time, economists were demanded to build up tools for solving policy problems. Economics emerged as specific tool-kit knowledge instead of an area of study for a specific socio-economic domain. The establishment of a more formal economics required changes in language, form, and tools where econometrics fitted like a missing piece of a puzzle. This new style became a set of standards that was After the World War II, the objective of econometrics was to create a model that allowed, through a set of structural equations, to replace the market in their allocations. To affirm this new economic approach was necessary to use a shared framework. The neoclassical paradigm was available and allowed both the formal rigor and the ability to calculate the policies even if it was based on the notions of equilibrium and atomized agents. In parallel, the assumptions of this school of thought there was a shift of the centre of econometric research from Europe to the United States, linking econometrics objectives to the centrality of market institutions (Freeman and Louçã, 2004 ). In the post-war period, American society was moving 
The Current Use of Econometrics
It may be useful to try to understand what econometrics is, in an unpretentious approach. It is a discipline that results from the incorporation of knowledge from various fields of economics, statistics and mathematics. Econometrics literally means "measure the economy". It is used in various fields of applied economics to test economic theories, to inform policy makers and to predict future behaviours.
Econometric models can be supported by economic theory but sometimes formal option is to insert multiple variables and look to frame what are more relevant relations in the problem under analysis. Currently the use of econometric tools transcends the study of economics being widely applied in several scientific areas.
The purpose of econometric models is the estimation of relation parameters between dependent and independent variables articulating empirical data, not experimental or observable, testing hypotheses about these parameters, values and signals, the validity of economic theories, possible effects on public policies and forecasting.
Econometrics seeks to help establish regularities in the economic. The vision of establishing general laws should be completely rejected as a goal of econometrics, as this purpose seems inappropriate given the nature of economic laws in which "natural" justifications in the social sciences can not resist the agency human. The econometric Table 1 around here! A trained common sense and the practice of econometrics suggest five principles in using this tool (Table 1) with an approach based on reality. First, data occupies a central place in creating the model that attempts to understand certain process.
Second, parsimony regards the preference on a short model to a more complex one, according to the existence of bounded rationality. A third principle suggests that a model to be better than another must also be able to explain alternative models results.
A model specification that comes against well studied relations in the economic realm deserves a deeper analysis. Finally, an inter-temporal and inter-analytical unit consistency should be evident to diminish the existence of completely contradictory specifications.
After introducing some basic principles of econometric analysis, the next sections will discuss additional limitations and criticisms and concludes by providing a place for econometrics in economic enquiry. Economics, to be applied, must be applied in the way that is based on real data and in that is used by others. This last issue introduces the centrality of data. Econometric estimates are often based on data collected from diverse sources, and in most cases, by non-economists with different mindsets. If the economic analysis is illuminated by real data it will then be useful to more people and more people will be encouraged to gather data that may be relevant in economic terms and thus more and better analysis can be done -it's a virtuous circle often broken. Swann (2006) summarizes the various criticisms that have been directed to econometrics. Preliminarily is crucial to underline that economics is not a natural science -it can not study its subject in the same way that physics, apart from the human agency. With this premise is also evident that econometrics remains a tool with flaws. Although these are constantly being overtaken by new theoretical developments, common practice ignores many of these limitations. The application of econometrics has a restricted domain. It is not a universal tool and should not be used in all kinds of problems, especially those whose A c c e p t e d M a n u s c r i p t 16 analytical dimensions are difficult to express in variables that the tool can work.
Limitations and Criticisms of Econometrics
Econometrics, by emphasizing calculus and forgetting the importance of collecting data lost track of the scientific method. It is, at most, a non-substantive and methodological revolution as advocated by the early econometricians. Econometrics originates a trained incapacity because it is stimulating the production of certain competencies in the researchers and students who are technically capable but with little capability to understand economic reality and stunted the ability of trial and intuition. Econometrics favours the isolation of economics by enhancing an excessive division of labour that departs from the knowledge generated by "vernacular" economics and other social scientists. These methods seem to have decreasing returns to scale. If the cost of doing regressions is very low and using other methods is higher, it is normal that economists start making more and more regressions that cost less but also are worth little. Finally, econometric approach creates in the opinion of Swann a widespread restlessness, even without knowing why it creates discomfort among other social science specialists and non specialists.
These criticisms can be answered but not all satisfactorily. Most econometricians can
give robust responses to many of these questions by stating that the method that was used was not the most appropriate. The tool is good, the problem is that users do not know how to work with it. There is however evidence that the use of econometrics is a fertile field for deceptions and disappointments. The question is whether it is more than other scientific methods. Ziliak 
The Need of Methodological Pluralism for Econometrics
To put econometrics in its place we must accept that econometrics has a place where Mathematical formalism has often been the mark of identity of what is economics.
Sheila Dow suggests that analyzing economics in the lens of concepts introduced by
the social studies of science may be relevant to include reflexivity in economic science. The pluralism that is emerging allows the emergence of a diversity of ideas that consolidate the own scientific building of economics. Analogous to the genetic diversity that strengthens a living organism from outside threats, the theoretical and methodological variety allows economics to respond more successfully to challenges and to understand the economic phenomena more satisfactorily. Although Sheila Dow defends pluralism, she does not believe that anything goes and suggests caution. The cross-fertilization is a positive aspect to toughen a science but it requires even greater attention to inaccuracy which may arise in this context with different meanings.
Victoria Chick (1998) presents two very important arguments in favour of the plurality of methods. The first is that the existing formalism is too confident in its methods, which are not as robust or independent of its proponents advocate. The M a n u s c r i p t 20 second is that formal methods are not accurate. The vagueness that more formal methods appear to remove only happens in theory, because the object, the economic, remains vague and complex as when any other method is used. The methods are largely dependent on a priori choices of the researcher. For example, the common use of static analysis completely eliminates the notion of evolution and change, while the analysis of time series end up focusing on a case study as a closed and independent system. The notion that there is a permanent disequilibrium, that systems are in constant evolution, greatly limits the success of the dominant reference framework.
To resolve this contradiction Chick defends the openness of systems. Open systems have path dependencies, are non-ergodic and show no regularities or equilibriums.
Neves (2007) Economic research must take into account two central concepts: the exploration and composition (Swann, 2006) . Exploration refers to entering into uncharted and uncomfortable areas but that allow the deeper understanding of economies. This exploration should happen using a comprehensive set of tools and approaches that can respond to a diversity of dimensions and objects, the composition. This multiplicity of approaches ensures thinking on several levels, the genesis of creative thought and theoretical and methodological advances. Where econometrics fails the applied economist should have alternative means to achieve useful results and satisfactory explanations of reality, even if initially result in paradoxes. The plurality is especially interesting when techniques are very different, compensating in strengths and weaknesses, for example, econometrics is strong where the case studies fail and vice M a n u s c r i p t 21 versa. Prigogine and Stengers (1984) [quoted by Chick (1998) For some authors (e.g., Landreth and Colander, 2004 ) the evolution of economics is a swinging pendulum between formalist and non-formalist approaches. The fact that today formalism still has a prevalent word is not a problem in itself. These authors support that currently formalism is essentially methodological and the profession seems to be moving towards a more intuitive paradigm. A very wide range of heterodoxies has gained increased relevance in economic theory (Davis, 2006 ). If we think that a science depends on education and research we understand that, despite the instruction remains highly connected to the orthodoxy, research is increasingly characterized by a high degree of theoretical and methodological pluralism.
Successful research programs will be synthesized and incorporated into the education, (Colander, 2000) and the fall of the orthodoxy can be excessive when the teaching is still dominated by the ideas of rational choice and economists are still in a very high proportion, using these conceptual and methodological frameworks in they everyday life.
All collectives of thought have ways of expressing themselves, to socialize, integrate members and create scientific facts (Fleck, 1979) . Econometrics is one way of sharing among economists that continues to consolidate but will have in the future a more modest role, although indispensable, in economics. The excessive codification can be sterile and a way to hide the results from the possibility of a more general discussion to find flaws in the scientific building. Latour (1987) shows how this is a common defensive strategy in the production of science today. The core of a discipline in a M a n u s c r i p t 23 scientific field like economics is characterized by a large population that encourages excessive use of jargon, intense debate over irrelevant topics and a safe and routine work carried out by a broad intellectual community that tries to protect its status quo costly obtained with their intellectual training.
Final Remarks: A Place for Econometrics in Economics
The distinction between a positive and pure economics and other, with a normative dimension is an inappropriate fiction. The field of economics, the economic, is impure (Reis, 2007) . Businesses, individuals, countries, institutions, and finally what is the material, the texture of the object of economic science, are normative a priori.
Economists are unable to purge the normative content of economy and took it as a positive science. Ideology will be always relevant in the study of the economy. of external deficits without investment in improved competitiveness will provoke a crisis, but the difficulty is knowing when it will happen. Anyway, these long-term forecasts help us to prepare for the risks of the future (Cardoso, 2008) .
There is at present more theoretical than methodological heterogeneity. Economic Like any tool, econometrics will only be effective if well applied. Econometric models should always pay attention to data collection, estimation procedures and verification of statistical quality. General-to-specific modelling reduces the problems of subjectivity in the definition of the models. The subjectivity, one of the central limitations from the point of view of formalist approaches to other methods, is obviously present when a specific to general modelling approach is preferred.
But econometrics is not only statistics. It is also economics so the theoretical understanding and interpretation of a model is essential to learn about the economic significance of the models. That is why I agree with the vision of Peter Swann (2006) , where "econometric estimates should be taken with a pinch of salt", with the awareness that in several domains econometrics is of very limited use. Econometrics is surely no universal solvent but will always have a place in applied economics. A more modest role than now, when it is assumed in many schools that a thesis without advanced econometrics is not a thesis in economics.
Plurality in methods is essential for innovative economics, this idea of Swann (ibidem: 71) for a science that guarantees economic dialogue with adjacent fields of economics and cross-fertilization. Innovative economics is convergent with the notion of a satisfactory economics that should be able to create such a diverse new framework in economic science (Pinto, 2008 
